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Abstract

Objective: To analyze the associations between height and BMI categories in a Portuguese representative
sample. Methods: This is a cross-sectional study with a representative sample of 32,644 Portuguese adults
(52.4% females). Sociodemographic and lifestyle characteristics were obtained along with self-reported height
and weight. We performed generalized linear models to assess the differences in attained height across BMI
categories; analyses were adjusted for age, gender, education, family income per month, proxy reporting
information, dietary patterns, and smoking. Results: BMI categories included underweight and normal weight
(46.4%), overweight (37.6%), obese class I and II (15.2%), and obese class III (0.8%). Adults with normal
weight had a significantly higher height (females +7 cm and males +5 cm) when compared to obese class III.
As BMI categories increased, height decreased. In females and males, after adjusting for confounders,
estimates of attained height decreased when compared to the unadjusted model (β = -0.049, 95% CI = -0.050;
-0.049 and β = -0.030, 95% CI = -0.031; -0.029, respectively), although they remained still significant.
Conclusion: Our results suggest a significant difference in attained height between BMI categories. Future
intervention programs aiming at preventing overweight and obesity should monitor sociodemographic, health
and environmental conditions that affect attained height potential.
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Abstract
Objective: To analyze the associations between height and BMI categories in a Portuguese
representative sample. Methods: This is a cross-sectional study with a representative sample
of 32,644 Portuguese adults (52.4% females). Sociodemographic and lifestyle characteristics
were obtained along with self-reported height and weight. We performed generalized linear
models to assess the differences in attained height across BMI categories; analyses were adjusted for age, gender, education, family income per month, proxy reporting information, dietary patterns, and smoking. Results: BMI categories included underweight and normal
weight (46.4%), overweight (37.6%), obese class I and II (15.2%), and obese class III (0.8%).
Adults with normal weight had a significantly higher height (females +7 cm and males +5 cm)
when compared to obese class III. As BMI categories increased, height decreased. In females
and males, after adjusting for confounders, estimates of attained height decreased when
compared to the unadjusted model (β = –0.049, 95% CI = –0.050; –0.049 and β = –0.030, 95%
CI = –0.031; –0.029, respectively), although they remained still significant. Conclusion: Our
results suggest a significant difference in attained height between BMI categories. Future intervention programs aiming at preventing overweight and obesity should monitor sociodemographic, health and environmental conditions that affect attained height potential.
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Introduction

Obesity is a serious public health condition and is increasing all over the world [1, 2]. It
is known that besides the imbalance of energy intake and expenditure, other genetic, behavioral and environmental factors may contribute to the development of obesity [3, 4].
BMI (weight (kg) / height (m)2) is the most widely used anthropometric index in epidemiological studies as well as in clinical practice to classify peoples’ weight status. Nevertheless, it is known that BMI is an imperfect indicator of weight distribution and body composition [5]. Whilst weight is a result of the balance of energy (intake and expenditure), height
is considered an heritable human trait [6], influenced by environment, context, sociodemographic and economic determinants throughout life course [7, 8]. Moreover, height is positively associated to wealth, success [9], and social status [7, 10] while is inversely associated
with some biological and behavioral determinants of cardiovascular disease [11–13].
Height is a proxy indicator of nutritional well-being, and average height is conceptualized
as the ‘biological standard of living’, in contrast to the concept of ‘standard of living’. The latter
is considered on a monetary perspective [10]. Taller people are also considered in advantage
compared to shorter [14, 15]. In Portugal, height has increased by about 0.99 cm per decade
since the beginning of 20th century until 2000, most likely due to an improvement in overall
living conditions [16], in accordance to what has been observed in other southern European
countries [15].
During growth, obese children are likely to be taller than their normal-weight peers and
have an earlier onset of puberty [17]. However, these differences tend to attenuate during
adolescence and in adulthood [18, 19]. Additionally, there are associations between the age
of puberty and anthropometric parameters in adulthood. Girls who have menarche at earlier
ages have a reduced height and an increased risk of obesity in adulthood [20–22]. Although
there is a high concern about obesity and height during childhood and adolescence [22, 23],
research on height differences between weight status categories in adults is scarce. With this
study, we address this knowledge gap by exploring the associations between the body height
and BMI categories in a representative sample of Portuguese adults.
Participants and Methods
Participants and Study Design
This study gathered data from the Fourth Portuguese National Health Survey (NHS), developed by the
National Institute of Statistics. Methodology of the NHS is described elsewhere [24]. Briefly, sampling
procedures included the selection of participants from households during 2005 and 2006, using a multistage random probability design (hospitals, prisons, military houses, and community care institutions
were excluded). A representative sample of 41,193 participants from all ages was gathered, distributed
over the main Portuguese territorial units: North, Center, Lisbon, Alentejo, Algarve, and the archipelagos
of Madeira and Azores. A primary sampling unit, based on the housing unit of the population census, was
randomly selected within each territorial unit, and subjects living in the sampling unit were surveyed. Two
levels were defined: the district (townships) and units geographically defined of 240 housings (within the
district). The assessment was performed by trained interviewers and included a questionnaire about
social and demographic characteristics, health, and chronic diseases (including obesity). The survey
response rate was 76%. Therefore, the present report includes a representative sample of 32,644 Portuguese adults.
Anthropometric, Sociodemographic and Dietary Patterns
Adults self-reported their height and weight, and BMI (weight (kg) / height (m)2) was computed. BMI
categories were defined according to the World Health Organization criteria [25]: underweight and normal
weight (BMI < 25 kg/m2), overweight (BMI between 25.0 and 29.9 kg/m2), obese class I (BMI between 30.0
and 34.9 kg/m2), class II (BMI between 35.0 and 39.9 kg/m2) and class III (BMI ≥ 40.0 kg/m2). In the analysis
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Table 1. Selected characteristics of the NHS Portugala

Participants, %
Height, m
Weight, kg
BMI, kg/m2
Age, years
20–39
40–64
65–84
≥85
Education
None
Elementary school
Middle school
High school
Tertiary education
Family income per month, EUR
≤500
501–1,200
1,201–2,000€
>2,000
Proxy reporting information
BMI status
Underweight and normal weight
Overweight
Obesity classes I and II
Obesity class III
Physical activity
Low
Moderate
High
Smoking
Non-smoker
Current smoker
Past smoker
Dietary patterns
‘Dairy and fruit’
‘Soup and starchy foods’
‘High fat, sugar and salt’
‘Fish, fruit and vegetable’
‘Sugary and fatty foods’

All (n=32,644)

Females

Males

100
1.64 (0.09)
70.1 (13.3)
25.8 (4.4)

52.4
1.59 (0.07)
65.2 (12.2)
25.8 (4.8)

47.6
1.70 (0.08)
75.9 (11.9)
26.1 (3.8)

37.8
40.5
19.8
1.9

35.9
40.1
21.6
2.5

39.9
41.1
17.7
1.3

12.7
34.1
27.8
12.2
13.1

16.6
33.4
24.8
11.6
13.6

8.3
34.8
31.1
13.0
12.6

23.7
44.1
20.0
12.2
29.8

26.6
42.8
19.0
11.6
21.1

20.6
45.5
21.1
12.8
39.2

46.4
37.6
15.2
0.8

50.2
33.0
15.6
1.1

42.2
42.5
14.8
0.4

39.7
46.3
3.2

41.7
46.9
11.3

37.4
45.4
17.1

61.7
21.4
16.8

81.1
12.0
6.9

40.5
31.8
27.7

–0.05 (0.66)
–0.03 (0.56)
0.17 (0.63)
0.01 (0.58)
0.02 (0.50)

0.10 (0.63)
–0.06 (0.57)
0.16 (0.62)
0.03 (0.58)
0.03 (0.51)

–0.22 (0.65)
0.01 (0.55)
0.18 (0.65)
-0.01 (0.59)
0.01 (0.50)

a
Values are proportions (%) unless for weight, height, BMI and dietary patterns which are mean (SD).
Sample weighted pond 1.

of data, obesity classes I and II were merged (prevalence of 12.7% and 2.5%, respectively) because of the
latter low prevalence.
The NHS included information about participants’ age, gender, level of education, family income per
month, smoking habits, physical activity, and dietary patterns. Level of education included the following
categories: none, elementary school (0–4 years), middle school (5–9 years), high school (10–12 years), and
tertiary education (more than 12 years). The categories in relation to family income per month were defined
as follows: <EUR 500; EUR 501–1,200; EUR 1,201–2,000; >EUR 2,000. Smoking habits were obtained as
current smokers, past smokers, and non-smokers.
NHS dietary questionnaire included a list of 20 dichotomous questions (‘Yesterday, did you consume
any of the following foods?’) about usual foods and beverages consumed at meals and snacks in the previous
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Table 2. Adult height according to obesity in a Portuguese representative sample

Weight status

Female

Underweight + normal weight
Overweight
Obesity classes I and II
Obesity class III

Male

unadjusted
mean (SD)

adjusted model

unadjusted
mean (SD)

adjusted model

1.61 (0.07)
1.58 (0.06)
1.57 (0.07)
1.54 (0.10)

ref
–0.008 (–0.008; –0.008)**
–0.016 (–0.016; –0.016)**
–0.049 (–0.050; –0.049)**

1.72 (0.08)
1.70 (0.07)
1.68 (0.08)
1.67 (0.12

ref
–0.010 (–0.010; –0.010)**
–0.022 (–0.022; –0.022)**
–0.030 (–0.031; –0.029)**

Adjusted model: Generalized linear models adjusted for age, gender, weight status, education, family income, proxy reporting
information, smoking and dietary patterns.
**p ≤ 0.001.

day [26]. The list of foods and beverages included: milk and dairy; vegetable soup, vegetables and fruit; bread
and cereal products; meat; fish; potatoes, rice and pasta; pulses; pastry, chocolates or sweet desserts at
meals. Snacks included: fruit; bread or sandwiches; milk and dairy; juices and soft drinks; pastry, chocolates
or sweet desserts; other candies; salty snacks; chips; and alcoholic beverages. Based on this list, five dietary
patterns were defined by latent trait models, as described elsewhere [26, 27]. Briefly, the ‘dairy and fruit’
dietary pattern was positively correlated with fruit, milk, and dairy products. The ‘soup and starchy foods’
dietary pattern was positively correlated with vegetable soup, bread, and pulses. The dietary pattern ‘high
fat, sugar, and salt’ was positively correlated with pastry, chocolate and sweet desserts, other candies, salty
snacks, chips, fruit juices, soft drinks, and alcoholic beverages. The ‘fish, fruit, and vegetables’ dietary pattern
was positively correlated with fish, vegetables, and fruit. The dietary pattern ‘sugary and fatty foods’ was
positively correlated with, pastry, chocolate, and sweet desserts.
Statistical Analysis
Data is described as mean ± standard deviation (SD) or proportions where appropriate, conducted with
sampling weights. Student’s t-tests, ANOVA, Mann Whitney U, Kruskal Wallis and chi square tests were used
to compare variables between obesity, height, and confounder variables. Age, gender, education, family
income per month, proxy reporting information, smoking, and dietary patterns were analyzed as confounders.
Generalized linear models were used to estimate the associations between BMI categories and height among
adults adjusted for the above-mentioned confounders.
A 0.05 level of significance and 95% CI were considered. Data analysis was performed using IBM SPSS®,
version 23.0 (IBM, Armonk, NY, USA).

Results

The sociodemographic characteristics of the 32,644 participants are summarized in
table 1. Most of the adults included in the sample were aged 40–64 years; females comprised
52.4% of the whole sample, and 46.8% of the participants had no formal education or only
elementary education. Prevalence of underweight and normal weight was 46.4%, of overweight 37.6%, and of obesity 16.0%.
In the analysis, average adult height decreased across BMI categories. Height was approximately 9 cm higher in underweight and normal-weight adults when compared to obese class
III (table 2). The fully adjusted model confirmed the unadjusted analysis – a consistent
difference between height and BMI categories although with an attenuation in the estimates
for both males and females compared to the crude model. Normal-weight adults had a significantly higher height (3.0 cm in males and 4.9 cm in females) when compared to the reference
obese class III (table 2).
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Discussion

In this representative sample of Portuguese adults, normal-weight adults of both genders
were significantly taller than their obese counterparts. Also, height decreased across BMI
categories, independently of sociodemographic and lifestyle characteristics.
This is the first study that addressed associations between height and BMI categories in
a representative sample of adults. This is particularly important because anthropometry is
considered a proxy-measure of biological welfare [10], and height might be a variable of
interest when analyzing obesity status in adults. Previous studies found that height and waist
circumference were negatively correlated in both genders, although this association was
weaker in females [5]. This study contributes further insights concerning attained height and
obesity and provides some clues for further investigations in the domain of height patterns
and obesity risk. Previous studies found that stunted children had an impaired fat oxidation
compared with non-stunted children, but had a greater likelihood to excess weight gain [28].
In contrast, high body fat in girls was associated with an earlier onset of puberty [29, 30],
which in turn was negatively associated with attained height and increased likelihood of
overweight and obesity in adulthood [22, 31, 32]. Other studies are a mirror of similar negative
associations between BMI and growth during adolescence [33].
The trends of height in worldwide is heterogeneous, and it seems that there is a discrepancy
between height and obesity in the last decades [15]. France and Singapore had the largest
height gain, whereas the US had the smallest height gain of all countries analyzed [15]. Additionally, the US had a higher increase of obesity compared to a stagnation of height [10]. In
Europe, taller people are found in the northern countries, namely in the Netherlands [15], the
same country that has the lowest prevalence of obesity [1]. In the last century, Portugal had
an average increase of 8.93 cm in males’ height [16]. Moreover, there was an increase in the
prevalence of overweight and obesity, being more pronounced between 1995 and 2000 [34],
that continued until today [35].
Nutritional status is considered to be important from the prenatal to the postnatal period
and for at least 2 years of age. Nevertheless, in health care settings, it may be difficult to
identify stunting, particularly where short stature is the norm [36].
This study has several strengths that should be acknowledged. First, we used a representative sample of Portuguese adults from both genders to analyze the associations between
height and BMI categories. Second, we performed an analysis accounting for important lifestyle and socioeconomic confounders, such as income per month. Previous studies found a
positive correlation between growth and income [37], and we used this variable in order to
minimize bias. Third, we performed the analysis according to gender. It is well known that
women and men grow differently, and globally women are shorter than men [15]. In this
study there was a similar tendency regarding height and categories of obesity in both genders.
In addition, the NHS included important sociodemographic and lifestyle confounders of
obesity such as age, gender, education, family income per month, smoking, proxy reporting
information, and dietary patterns.
This study is not without limitations. First, weight and height were self-reported, and it
is not possible to exclude recall bias. Previous studies found that self-reported height may be
overestimated by older people [38], in contrast to self-reported weight which may be underestimated by men and women [39]. Second, BMI was used to define categories of obesity;
however, this anthropometric index does not allow to discriminate the contribution of fat
mass and fat-free mass. Third, dietary intake was collected based on a checklist of foods and
beverages intake in the previous 24 h. This could be considered less accurate than questionnaires, which take into account the frequency, portion size, variety, and other foods and
beverages outside the list. Although the NHS included physical activity, it is only available in
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14% of the participants. As it is not possible to generalize these data to the whole sample, we
did not include them in the models. Nonetheless, the results followed the same tendency
when adjusting for physical activity. Attained height in obese adults was 4.2 cm lower than in
normal-weight subjects (β = 0.042, 95% CI 0.021; 0.063, data shown in a supplementary
table, available at http://content.karger.com/ProdukteDB/produkte.asp?doi=491754). Finally,
the study is cross-sectional, and we are unable to establish causal relationships. Further
research is needed with cross-sectional and longitudinal data in order to confirm or rule out
our findings.
Conclusion

Normal-weight adults are significantly taller than their overweight and obese counterparts, independently of sociodemographic and lifestyle characteristics. This study shows not
only the potential of height as an anthropometric indicator of overweight and obesity prevalence but also its likely relevance in obesity prevention programs. Monitoring economic,
social, political, and environmental systems that propitious the physical growth is recommended, so that human beings can attain their height potential.
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